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Abstract. In this article there are two methods presented for determination of 2 groups of flavonoids: 
flavone/flavonols (FF) - AlCl3, and flavanones/dihydroflavonols (FD) - 2,4-dinitrophenylhidrazine. Together 
they sum up the total flavonoids (FvT) in propolis. Romanian propolis taken into analysis had an amount of 4% 
flavone/flavonols, 6% flavanones/dihydroflavonols and about 10% total flavonoids typical for propolis derived 
from Populus sp. Statistical correlation between data (FF, FD, FvT) obtained by sonication and by maceration 




Among the 180 compounds identified in propolis, flavonoids are considered to be 
responsible for the main biological activities of propolis: antioxidant, antimicrobian, antiviral, 
antifungic, anti-inflammatory and anti-tumoral. Therefore, determination of flavonoids in 
propolis is regarded as an important quality parameter together with total phenolics and 
antioxidant activity. 
Analysis of flavonoids has been realized until now by employing colorimetric and 
chromatographic methods (TLC, HPLC, GC-MS). Although the chromatographic methods 
are more accurate and precise regarding the identification and quantification of flavonoids, 
these methods present the draw back of high personnel qualification, expensive and 
performing instruments and materials, while colorimetric methods are reliable, accurate and 
time saving. Literature study revealed that flavone/flavonols (FF) react better and form more 
stable colored complexes with AlCl3 while flavanones/dihydroflavonols (FD) react better with 
2,4-DNP (Chang, 2002, Popova, 2004). In order to find the total amount of flavonoids in 
propolis extract the previous obtained results from the two groups are summed up. There are 
also authors who consider total flavonoids the results obtained only by AlCl3 method (Ahn, 
2007, Woisky, 1999).  
 
MATERIAL AND METHOD 
 
 
Propolis samples: there have been analysed 14 propolis samples obtained from 
beekeepers that practice migratory beekeeping in the areal of Transylvania and not only. 
Reagents:  Metanol HPLC code 1.06007.2500, Merck, Germany, AlCl3 code 
8.01081.0100 Merck, Germany, KOH, p.a., 2,4-dinitrophenylhidrazin p.a. (1.03081.0100) 
Merck, Germany. 
Standards: Galangin code 48291, Fluka, USA, Pinocembrin code P 5239 Sigma-
Aldrich, Germany. 
Instruments and equipments: sonication bath, water bath (50°C), UV-VIS 
Spectrofotometer 1700 Shimadzu, Japan, equipped with quarts cuvettes of 1cm path length.  
 
Preparation of propolis extract: 
Propolis extract was obtained by applying two different methods of extraction: classical 
maceration and sonication. Active principles of propolis (previously grounded into fine 
powder) were extracted with 70% Ethanol 1:30 (w/v) for 24h at room temperature. The 
extract was filtered directly into a volumetric flask of 100ml capacity and the residue was 
submitted to the second extraction in the same conditions as the first one. Then the filtered 
extracts were united and the volume was filled up with 70% Ethanol (Solution 1). The third 
extraction was no longer needed since it gave negative reaction with FeCl3 (10%). Every 
sample was prepared in triplicate. The solution (1) was used to determine 
flavanones/dihydroflavanols. In order to determine the group of flavone/flavonols a further 
dilution was necessary: 1ml of each extract of every sample (a total volume of 3ml) was 
diluted to 50ml Methanol in a volumetric flask (Solution 2). 
Extraction by sonication (propolis:Ethanol 70%, 1:30 w/v, 15min, room temperature) 
was performed twice then the filtered extracts were united and the volume was filled up with 
Ethanol 70%. Solution 1 and solution 2 were prepared the same a mentioned for maceration 
extraction technique. 
 
Determination of flavone/flavonols (FF) 
The method of Popova, 2004, Bonvehi, 1994 was applied. 2ml of Solution (2) with 
20ml of Methanol and 1ml AlCl3 5% in Methanol (w/v) were homogenized in a 50ml 
volumetric flask. Methanol was used to fill up the volume of the flask. The mixture was left to 
stand at room temperature for 30min then absorbance was measured against blank at 425nm. 
Each determination was performed in triplicate.   
Calibration curve was prepared using Galangin as internal standard using 5 different 
concentrations ranging from 4-40 µg/ml diluted in Methanol (r2=0,99968, 
Y=2,46309X+0,00059). Blanks were prepared by replacing the amount of propolis sample 
with Methanol. Three independent determinations were realized for each concentration.  














P = concentration of flavone/flavonols (%) 
c
 
= concentration of flavone/flavonols calculated from calibration curve (mg 
Galangin/ml) 
100 = volume of first dilution (solution 1)(ml) 
50 = volume of second dilution (ml) 
3 = the 3x1ml of each propolis extract which comes into the second dilution 
M  = average weight of the 3 propolis samples taken for extraction (g) 
 
Determination of flavanone/dihydroflavonols (FD) 
The method of Popova, 2004, Chang, 2002, Nagy, 1996 is based on the interaction 
between flavanones/dihydroflavanols and 2,4-DNP in acidic environment to form colored 
phenylhidrazone. 1ml of Solution (1) was homogenized with 2ml DNP solution (1gDNP in 
2ml Sulphuric Acid 96% diluted to  100ml with Methanol in volumetric flask) were warmed 
up to 50°C for 50min on water bath. After cooling at room temperature the mixture was 
diluted to 10ml with KOH 10% in Methanol (w/v). 1ml of resulted solution was diluted to 
50ml with Methanol. The absorbance was read immediately at 486nm against blank. Blanks 
were prepared by replacing the amount of propolis sample with Methanol. Each determination 
was realized in triplicate. Calibration curve of Pinocembrin was prepared using 5 different 
concentrations ranging from 0,14-1mg/ml diluted in Methanol (r2=0,99977, Y=0,24051X-
0,00721). Three independent determinations were realized for each concentration. 












P = concentration of flavanone/dihydroflavonols (%) 
c
 
= concentration of flavanone/dihydroflavonols calculated from calibration curve 
(mg Pinocembrin/ml) 
100 = volume of first dilution (solution 1)(ml) 
3 = the 3x1ml of each propolis extract which comes into the second dilution 
M  = average weight of the 3 propolis samples taken for extraction (g) 
 
 a) b)                                                                              
 
Fig. 1- Calibration curve of Galangin for FF (a), Pinocembrin for FD(b). 
 
Estimation of total flavonoids (FvT) 
Total flavonoids in propolis are determined by summing up the concentration of FF and FD.  
 
Methods Validation  
For every batch of propolis samples analysis there was a positive control prepared and 
run through all the stages of analysis. This positive control contained a mixture of standards 
specific to propolis: first mixture contained Pinocembrin:Galangin 2:1 (0,280mg/ml, 
0,084mg/ml), and the second was a mixture of flavonoids and phenolic acids in ratios similar 
to those found in bee propolis: Benzoic Acid, p-Cumaric Acid, Ferulic Acid, Caffeic Acid, 
Pinocembrin, Pinostrobin, Chrysin, Galangin, Kaempherol, Quercetin at the final 
concentration of 0,038mg/ml.   
 
RESULTS AND DISCUSSIONS 
 Flavonoids in propolis have been studied frequently in the last years due to their 
biological effect on health. Not all propolis samples are the same, although they present 
similar biological activity. The vegetation available to bees in order to create propolis is very 
important and determinant for propolis composition. Therefore, in the study literature, very 
different results occur for FF, FD and FvT in propolis of different phytogeographical origin.  
For example, analysis of flavonoids from Brazilian propolis (botanical origin Baccharis 
sp.) present very low amount of flavonoids: 0,77-2,69% FF found by Woisky, 1998, 0,15-0,65 
% FF found by Silva, 2006. This type of propolis is rich in prenylated phenolic acids 
especially on p-coumaric acid derivates.  
Analysis of propolis form New Zealand (Markham, 1996) revealed that FD are 2,22-
3,14 times more than FF. Similar results were obtained by the group researchers lead by 
Chang, 2002 who studied the composition of Chinese propolis (~6% FF, ~11%FD), 
Taiwanese propolis (~3% FF, ~20%FD), and Brazilian propolis (~3% FF, ~7%FD).  
Romanian propolis is framed in the group of Populus type propolis especially found in 
temperate zones (Bankova, 2002). Our results confirm these previous data. Romanian 
propolis has an amount of ~4% FF, ~6% FD and about 10% FvT (Table 1). 
Table 1  
Concentration of  FF, FD, FvT in analyzed propolis samples 
 













A 2.13 ± 0.047 1.96 ± 0.025 7.32 ± 0,027 6.95 ± 0,025 9.45 ± 0,074 8.91 ± 0,050 
B 5.51 ± 0.002 3.68 ± 0.004 7.54 ± 0,042 6.24 ± 0,033 13.05 ± 0,044 9.92 ± 0,036 
C 3.65 ± 0.063 3.61 ±0.056 6.62 ± 0,038 6.68 ± 0,037 10.27 ± 0,101 10.30± 0,093 
D 2.97 ± 0.052 3.11 ± 0.016 6.61 ± 0,029 6.71 ± 0,021 9.58 ± 0,081 9.82 ± 0,037 
E 4.93 ± 0.042 4.66 ± 0.024 5.75 ± 0,041 5.58 ± 0,035 10.68 ± 0,083 10.24±0,059 
F 5.07 ± 0.016 5.17 ± 0.038 7.22 ± 0,057 7.03 ± 0,049 12.29 ± 0,073 12.20±0,087 
G 4.87 ± 0.032 4.63 ± 0.013 5.92 ± 0,026 5.62 ± 0,032 10.59 ± 0,058 10.27±0,045 
H 3.48 ± 0.048 2.60 ± 0.026 5.98 ± 0,062 4.29 ± 0,055 9.46 ± 0,110 6.88±0,081 
I 5.24 ± 0.335 4.70 ± 0.034 6.05 ± 0,051 6.27 ± 0,047 11.29 ± 0,386 10.30±0,081 
J 5.24 ± 0.016 5.31 ± 0.028 5.83 ± 0,018 5.83 ± 0,020 11.07 ± 0,034 11.14±0,048 
K 4.56 ± 0.046 4.76 ± 0.027 6.04 ± 0,024 5.69 ± 0,018 10.60 ± 0,071 10.45±0,045 
L 1.21 ± 0.334 1.14 ± 0.052 5.44 ± 0,043 5.11 ± 0,039 6.65 ± 0,377 6.25±0,091 
M 3.99 ± 0.321 3.95 ± 0.024 6.38 ± 0,061 6.55 ± 0,059 10.36 ± 0,382 10.50±0,083 
N 3.48 ± 0.025 3.31 ± 0.016 4.84 ± 0,025 4.76 ± 0,032 8.32 ± 0,050 8.07±0,048 
Average 4.02 ± 0,1 3.76 ± 0,3 6.25 ± 0,04 5.95± 0,04 10.26 ± 0,14 9.66 ±0,06 
* Values are means ± SD (n=3) 
 
 The methods were validated by using a reference mixture of propolis components and 
preparing them in the same way as all propolis samples were by the two spectrophotometric 
procedures presented in this work. The accuracy (recovery) of all methods was between 78 
and 104% and are presented in table 2. 
 
Table 2 
Validation of spectrophotometric quantification of flavonoids in propolis 
 
STANDARDS  MIXTURE CONCENTRATION (mg/ml) 
RECOVERY  
(%) 
Pinocembrin: Galangin (2:1) 0.280 95 
Pinocembrin: Galangin (2:1) 0.084 91 
Standard Mixture 0.038 78 
Standard Mixture 0.019 104 
 
Table 3  







coefficient Correlation  
r r2 Sxy 
FF maceration x FF sonication 0.912 0.831 1.347 
FD maceration x FD sonication 0.767 0.588 0.447 
FvT maceration x FvT sonication 0.808 0.653 1.961 
 
The analysis of the relationship between the two methods used for active principles 
extraction showed a high positive correlation coefficient (Table 3). These results convince the 
authors that sonication is a reliable, fast and performing method for active principles 




Authors tested a new and fast extraction method of flavonoids from propolis. The 
performance of the two extraction methods involved in this work was established by 
comparing the amounts of FF, FD and FvT obtained. Both colorimetric methods must be used 
for quantitative determination of total flavonoids. Although using sonication a relative smaller 
amount of active principles is achieved, taking into consideration the time gained to obtain the 
extract we conclude that sonication can be used as a reliable extraction method for propolis. 
Statistical correlation between data presents no significance difference between results 
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